One perceived barrier to guideline adherence is the existence of conflicting patient preferences. We examined whether patient preferences influence the prescription of antibiotics in general practice, and how this affects guideline adherence. We hypothesized that preferences play a larger role in prescribing antibiotics if the guideline allows for preferences to be taken into account, ie, if prescribing antibiotics is an option which can be considered rather than a clear recommendation to prescribe or not. We included three guidelines: acute cough, acute rhinosinusitis, and urinary tract infections. Methods: Data from NIVEL (the Netherlands Institute for Health Services Research) Primary Care Database (NIVEL-PCD) were used to assess antibiotic indications and prescriptions. These data were combined with a questionnaire among members of NIVEL's Dutch Health Care Consumer Panel to examine patient preferences. According to NIVEL-PCD, 286 of these members contacted their general practitioner (GP) in 2015 for acute cough, acute rhinosinusitis or urinary tract infections. A logistic multilevel regression analysis was performed to test our hypothesis. Results: Patient preferences do play a role in GPs' prescribing of antibiotics only in situations where, in accordance with the guideline, their use is an option which could be considered (interaction between indication and preference: p=0.049). If patients ask for antibiotics themselves in such situations, then GPs prescribe antibiotics more often. Conclusion: Patient preferences only play a role if the guideline provides room to take preferences into account. Therefore, our results do not suggest a conflict between applying guidelines and including patient preferences. Further research is recommended to examine this possible conflict in other situations.
Introduction
Clinical practice guidelines give recommendations about appropriate health care. As such they have the potential to reduce inappropriate practice variation, enhance the translation of research into practice, and maintain and improve health care quality and safety. [1] [2] [3] [4] The extent to which physicians adhere to guidelines can be regarded as an indicator of the quality of care delivered. 5 Adherence to guidelines varies considerably, both between physicians and practices and between different guidelines. [6] [7] [8] [9] [10] One perceived barrier to adherence to guidelines, mentioned by physicians, is the existence of patient preferences. 11 Yet, another key indicator of good quality of care is providing care that is respectful of, and responsive to, an individual patient's preferences, needs, and values. 12 This requires that patient preferences are incorporated into the decision-making process.
In theory, the decision-making process involves physicians bringing in the recommendations of the guideline and the clinically relevant characteristics of their patients, while the patients bring in their preferences. In making medical decisions, there might, however, be a conflict between applying these guidelines and including patient preferences. 13, 14 An area where adherence to guidelines can be improved is in the prescription of antibiotics. Wide variations exist in the rates of antibiotic prescribing. [15] [16] [17] Inappropriate prescribing of antibiotics is directly related to higher rates of antimicrobial resistance. [17] [18] [19] This is now globally recognized as a major threat to human health. 20, 21 The Netherlands, the setting of this study, has comparatively low and stable antibiotic use in primary care. 17, 22 Still, there are large variations among Dutch general practitioners (GPs) in the adherence to guidelines when prescribing antibiotics. [7] [8] [9] 23 These guidelines are developed by the Dutch College of General Practitioners (NHG). The NHG strives to ensure that its guidelines are widely accepted. This is encouraged by involving GPs in the development process (Box 1). This study focuses on the prescription of antibiotics by Dutch GPs for three conditions for which guidelines were published more than 10 years ago and which were recently updated: 1) acute cough, last version 2013; 2) acute rhinosinusitis, last version 2014; and 3) urinary tract infections, last version 2013. These guidelines were chosen for two reasons. Firstly, wide variations in antibiotic prescribing rates have been observed in the Netherlands for these conditions. 24, 25 Secondly, they involve different recommendations about the prescription of antibiotics. These recommendations range from an indication for antibiotics, to an "unsure" indication for antibioticsthat is that antibiotics may be considered by the GP -to no indication for antibiotics. For example, for both acute cough and rhinosinusitis antibiotics are generally not indicated in otherwise healthy patients, whereas antibiotics can be considered in vulnerable groups such as people aged over 75. For healthy women with a urinary tract infection antibiotics may be considered, while antibiotics are always indicated for men with urinary tract infection. Extensive recommendations are shown in Table 1 .
Patient expectations, as well as patient demand or "pressure", have been mentioned by GPs as major factors in the decision to prescribe antibiotics and are associated with increased antibiotic prescribing. [26] [27] [28] [29] [30] Patient expectations can be defined as the patient's perception of what their GP might do in a specific situation. Expectations differ from hoping for, or preferring, an antibiotic prescription and from explicitly expressing the hope, or preference, for an antibiotic -ie, asking for an antibiotic prescription. 30 In addition, patients might explicitly express a preference not to be given a prescription for an antibiotic. Yet, few studies have examined the direct relationship between patient expectations or preferences on the one hand, and the GP's decision to prescribe antibiotics on the other. 30 For instance, Coenen et al found that both patient expectation and hope were positively associated with antibiotic prescribing by GPs for acute cough. 30 The present study aims to examine further the relationship between patient preferences and the GP's decision to prescribe an antibiotic. By examining this, we aim to achieve further insight into the possible conflict between applying guidelines and including patient preferences in decision-making. We answer the following research question: Do patient preferences influence the GP's decision to prescribe antibiotics, and how does this affect adherence to guidelines by GPs? We hypothesize that patient preferences have a larger role in the GP's decision to prescribe an antibiotic if the guideline provides room to take patient preferences into account. In other words, if the prescribing of antibiotics is an option which can be considered -that is an "unsure" indication -rather than a clear recommendation to prescribe or not.
Materials and methods

Study design
To answer our research question, we used a combined set of data from the NIVEL (the Netherlands Institute for Health Services Research) Primary Care Database (NIVEL-PCD) and data from the Dutch Health Care Consumer Panel of NIVEL. Data from NIVEL-PCD were used to assess the GP's prescription of antibiotics. A questionnaire among members of the Dutch Health Care Consumer Panel of NIVEL was conducted in order to examine patient preferences for antibiotics. The Dutch College of General Practitioners (NHG) develops guidelines for GPs. It selects a topic for which a guideline should be formulated. A working group, mainly consisting of GPs, develops the guideline using a predetermined procedure. Comments are made about this concept guideline in two phases, one internal and one external round. After the guideline is revised, it is sent to the appropriate NHG committee for authorization. As a final step, the NHG publishes the guideline on the NHG website and in the Dutch journal for GPs "Huisarts & Wetenschap". 47 The first guideline appeared in 1989 and around 100 guidelines for different diagnoses are currently available. 
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Patient preferences and applying guidelines: a conflict? Brabers et al All the members of the consumer panel included are registered patients of 15 general practices which participate in the NIVEL-PCD. As such, we were able to combine, at the patient level, the GP's prescription of antibiotics with patient preferences for antibiotics.
niVel-PcD
NIVEL-PCD collects, over time, data from the routine electronic health records of a large and dynamic pool of general practices across the Netherlands. 31 These data comprise information on consultations, morbidity, and prescriptions. Morbidity is registered using the International Classification of Primary Care version 1 (ICPC-codes) 32, 33 in constructed illness episodes. 34 Prescription data are classified according to the Anatomical Therapeutic and Chemical (ATC) classification. We used data from 2015.
Dutch health care consumer Panel
The Dutch Health Care Consumer Panel aims to measure the attitude toward, and the knowledge of, health care as well as the expectations and experiences of health care among a cross-section of the Dutch population. 35 All 2,816 panel members selected for this study were recruited via the previously mentioned 15 general practices participating in the NIVEL-PCD. The panel members selected received a questionnaire about antibiotics early in March 2016. According to their previously stated preference, 1,069 panel members received a questionnaire by post and 1,747 through the internet. Panel members were free to answer the questions. They did not have to fill out all the questions; they were able to skip a question if they could not answer that specific question. One postal reminder (after 2 weeks) and two electronic reminders (after 1 and 2 weeks) were sent to panel members who had not yet responded. After 4 weeks, the questionnaire had been returned by 1,310 panel members (response rate 47%).
Data protection niVel-PcD and Dutch health care consumer Panel
Dutch law permits, under certain conditions, the use of extracts from electronic health records for research purposes. According to Dutch legislation, neither obtaining informed consent nor approval by a medical ethics committee is obligatory for this kind of observational study containing no directly identifiable data. 36 With respect to NIVEL-PCD, participating general practices were contractually obliged to inform their patients about their participation in the NIVEL-PCD, and to inform patients about the possibility of opting out if they objected to their data being included in the database. This study has been approved by the governance bodies applicable to the NIVEL-PCD under nr. NZR-00315.069. The data from the Dutch Health Care Consumer Panel are processed anonymously and the data collection is registered with the Dutch Data Protection Authority (nr. 1262949). In addition, a privacy regulation applies to the consumer panel in general, as well as for the recruitment of patients via general practices participating in the NIVEL-PCD. According to Dutch legislation, neither obtaining informed consent nor approval by a medical ethics committee is obligatory for carrying out research through the panel. 36 All panel members included in this study gave written informed consent to combine their answers from the questionnaires with the data about their use of health care, as registered by their GP participating in the NIVEL-PCD. For the present study, data from the NIVEL-PCD and the questionnaire were linked by an employee of NIVEL who is not working for either the NIVEL-PCD, or the Dutch Health Care Consumer Panel. In the resulting research file patients were marked with a random ID specific to the project in order to guarantee patients' privacy.
study sample
The study sample consisted of the respondents to the questionnaire, who contacted their GP in 2015 for acute cough, acute rhinosinusitis, or urinary tract infection according to the NIVEL-PCD (Table 1 shows the ICPC-codes which were included). If there were patients with multiple relevant episodes then one episode was selected randomly.
Measurements Antibiotics prescription (dependent variable)
The prescription data from the NIVEL-PCD were used to determine whether or not antibiotics were prescribed by the GP for each episode of illness selected. All prescriptions from the ATC subgroup J01 (antibacterials for systemic use) were included and were assigned to illness episodes based on the prescription dates and prescription ICPCs. The variable "antibiotics prescription" was coded as 0= no prescription for antibiotics, 1= prescription for antibiotics.
Antibiotics indication (independent variable)
The NIVEL-PCD data were used to determine the indication for antibiotics. For each episode of illness selected, the indication for antibiotics was estimated according to the definitions in Table 1 
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Patient preferences and applying guidelines: a conflict? whether antibiotics were indicated, not indicated, or could be considered ("unsure" indication) for each illness episode. The variable "antibiotics indication" was coded as 0= an indication for antibiotics, 1= antibiotics could be considered ("unsure" indication), and 2= no indication for antibiotics.
Patient preferences (independent variable)
Patient preferences for antibiotics were assessed in the questionnaire of the consumer panel ( Figure S1 ). We defined patient preferences as preferences that were explicitly expressed; that is asking for an antibiotic prescription. They were measured using the question: "When you contacted your GP regarding your [acute cough, acute rhinosinusitis, or urinary tract infection], did you ask the GP for a prescription for an antibiotic?" Answer options were: 1) not at all; 2) actually not; 3) actually, and; 4) totally. For patients who answered in the questionnaire that they had not contacted their GP in 2015 for acute cough, acute rhinosinusitis, or urinary tract infection, more general preferences were used. These were assessed using the question: "If you were to have an [acute cough, acute rhinosinusitis, or urinary tract infection] then to what extent would you be inclined to ask the GP for an antibiotic prescription?" The answer options were the same. The answer options were recoded into two categories "preference for antibiotics" (coded as 1, actually and totally) and "no preference for antibiotics" (coded as 0, not at all and actually not).
statistical analyses
In the first instance, descriptive statistics were performed in order to gain insight into patient preferences for antibiotics, the indication for antibiotics, and the GP's prescription of antibiotics. Secondly, a logistic multilevel regression analysis was performed in order to test the role of patient preferences in the GP's prescription of an antibiotic. The model contained two levels as the data are structured hierarchically, with patients nested in general practices. A multilevel analysis took into account the nested structure of the data as well as the differences in the number of patients per practice. We included the GP's prescription of antibiotics as a dependent variable, and patient preferences and indication for antibiotics as independent variables. To examine whether the role of patient preferences is modified by the indication for antibiotics, an interaction effect between patient preferences and indication was included in the model. In the multilevel analysis, categorical variables (such as the indication for antibiotics) were recoded into dummy variables. All analyses were performed using STATA, version 14.0.
Results
Descriptive statistics
According to data registered in the NIVEL-PCD, 286 respondents to the questionnaire contacted their GP in 2015 for acute cough (38%, N=109), acute rhinosinusitis (25%, N=72) or urinary tract infections (37%, N=105) ( Table 2) . The number of patients per practice ranged from N=5 to N=44 (data not shown). In half (50%, N=144) of the cases prescribing antibiotics could be considered. In 17% (N=48) of the cases there was an indication for antibiotics, whereas there was no indication for antibiotics in 33% (N=94) of the cases (Table 2 ). In 42% (N=120) of the cases the GP did indeed prescribe antibiotics. Where there was an indication for antibiotics, the GP prescribed them in 81% (N=39) of the cases; if the indication for antibiotics was "unsure" -that is when antibiotics can be considered -then the GP prescribed them in 38% (N=55) of the cases. Where there was no indication for antibiotics, the GP prescribed them in 28% (N=26) of the cases (data not shown). One out of five (21%, N=50) patients stated that they asked, or would ask, for an antibiotic prescription when contacting their GP (Table 2 ). In half of these cases (50%, N=25) the GP did indeed prescribe an antibiotic (data not shown).
The role of patient preferences in the GP's prescription of antibiotics Table 3 shows that the indication for antibiotics is significantly associated with the GP's prescribing of them. GPs more often 
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Brabers et al prescribe antibiotics in cases with an indication for antibiotics compared to cases in which antibiotics can be considered and in cases with no indication for antibiotics. No significant association was found between patient preferences and the GP's prescribing of antibiotics. However, the interaction effect between indication and patient preferences was significant (p=0.049). The results indicate that the relationship between patient preferences and the GP's prescribing of antibiotics varies according to the indication for antibiotics. Patient preferences have a role in the GP's prescribing of antibiotics in situations where, according to the guideline, antibiotics can be considered; that is that there is an "unsure" indication. If in such situations patients ask for antibiotics then GPs will more often prescribe them.
Discussion
This study sought to achieve insight into the potential conflict in making medical decisions regarding the prescription of antibiotics by GPs. On the one hand GPs should apply the guidelines and on the other include their patient preferences. Our results show that there is no real conflict. The reason for this is that in cases where the guideline provides a clear recommendation to prescribe or not, we did not find a significant relationship between patient preferences and the GP's decision to prescribe antibiotics. Patient preferences appear only to play a role in the GP's decision if prescribing an antibiotic was an option that could be considered. However, in those situations there is no conflict between applying the guidelines and including patient preferences. In such situations, antibiotics are justified since the guideline provides room for taking patient preferences into account.
This study has been performed in the Netherlands, a country with comparatively low and stable antibiotic use in primary care. 17, 22 Furthermore, around nine out of ten Dutch people agree that bacteria can become less susceptible (resistant) to antibiotics 37 and that prescribing antibiotics for minor ailments is not necessary. 24 It might be that in countries with a higher antibiotic use, patient preferences do play a role in the GP's decision to prescribe antibiotics, even if the guideline provides a clear recommendation not to prescribe them. Moreover, this study focused on just one type of decision: the prescription of antibiotics by GPs. Further research is recommended into whether, in other situations, there is a conflict between applying the guidelines and including patient preferences. Patient preferences may play a role in the failure to adhere to guidelines in other situations.
Although including patient preferences in medical decision-making is regarded as an indicator of good quality of care, 12 it could be questioned whether patient preferences have to play a role in all situations. In some situations, there is one treatment, which on the basis of reasonably sound medical evidence is known to work better than any alternative, and for which the benefits of treatment exceed the side effects or unintended consequences (ie, effective care). As such, in general, all eligible patients have to receive that treatment. 38 It has to be recognized, however, that also in situations of effective care patients have a choice, even if it is not wanting treatment. An example of effective care in the context of this study is that antibiotics are always indicated for men in the case of urinary tract infections (Table 1) and thus, in general, they have to receive an antibiotic prescription.
Preferences are more likely to play a role if there is no absolute best treatment option. For this so-called preferencesensitive care the right treatment for an individual patient should depend on the patient's preference. 38 An example in the context of this study is that antibiotics can be considered for otherwise healthy women with urinary tract infections who are not pregnant (Table 1 ). In the case of preferencesensitive care, however, professional judgments rather than patients' own preferences often determine which treatment a patient receives. The reason for this is that patients often delegate medical decision-making to their physician. 38 Also, in the context of antibiotics, it has been argued that clinicians, on their own, do not know whether or not antibiotics are best for individual patients; clinicians commonly misinterpret a Based on the recommendations in the three guidelines (see Table 1 for extensive recommendations). patients' expectations of antibiotic treatment. 39 An approach which promotes the uptake of patient preferences in the decision-making process, is shared decision-making (SDM). Here, physicians and patients make decisions together using the best available evidence. Patients are helped to make informed choices by considering each option and its possible benefits and disadvantages. 40, 41 Well-informed patients are known to prefer more conservative treatment options. 42 In the context of this study, this would mean not using antibiotics. SDM has been recognized as a framework for enhancing the appropriate use of antibiotics and hence for controlling resistance to antibiotics. 39, 43 Research showed that SDM reduces antibiotic prescribing rates for acute respiratory infections in primary care. 44 Furthermore, it has been reasoned that SDM results in fewer inappropriate demands for antibiotics in the future. 43 A strength of this study is that we combined data about patient preferences for antibiotics and the GP's prescription of antibiotics at the level of the patient. Moreover, we could individually estimate the indication for antibiotics using the NIVEL-PCD. We only found one other study which directly combined patient views about antibiotics with the antibiotic prescribing behavior of GPs. 30 Coenen et al collected data in 13 different European countries and found that a patient's expectations and hopes were positively associated with antibiotic prescribing by GPs for acute cough. They did not find an association with asking for antibiotics. 30 However, they focused solely on acute cough and did not examine whether the role of the patient's views differed according to the indication for antibiotics. Another strength is that we took into account the nested structure of our data by performing a multilevel analysis. However, from the data set, it was only possible to know at which general practice a patient had a consultation, but not with which GP within that general practice. Earlier research shows that Dutch GPs working in the same practice show more similarity in their attitudes and behavior than GPs who do not work in the same practice. 45 Therefore, we do not expect this to affect our conclusions. Although we had a large sample size (N=1,310), a potential limitation is the relatively low response rate of 47%. A multidisciplinary research team including experts in the field of antibiotics developed the questionnaire. The draft questionnaire was also commented upon by the program committee of the Dutch Health Care Consumer Panel, consisting of representatives of different actors in the health care sector, including the Dutch Ministry of Health, Welfare and Sport, the Dutch Consumers Association, and the Dutch Health Care Inspectorate. Nevertheless, a limitation is that the questionnaire has not been tested in a pilot study among panel members. It is therefore debatable whether all questions and answer options were sufficiently clear for the panel members. Another limitation of the present study is the recall bias of the respondents to the questionnaire. Not all respondents answered in the questionnaire that they had contacted their GP in 2015 for acute cough, acute rhinosinusitis or urinary tract infections. As such, for this part (N=149), the patients' preference, in general, for antibiotics was used. Furthermore, if patients remember that they had contacted their GP, we do not know whether this necessarily refers to the same contact as that in the NIVEL-PCD. Another limitation is that we defined preferences as those preferences which were expressed explicitly; that is asking for an antibiotic prescription. We did not consider preferences which were not explicitly expressed, nor the option to state to prefer not to have an antibiotic prescription. In addition, we did not study whether groups of patients differ in their preferences for antibiotics. It can be reasoned that patients differ in their ability to ask their physician for an antibiotic prescription. 46 Further research is recommended to examine possible differences between groups of patients.
The results of this study do not suggest a conflict between applying guidelines and including patient preferences in medical decision making in the case of antibiotics prescribing by Dutch GPs. Further research is recommended to examine whether this conflict exists in other decision-making situations.
Acknowledgment
The study was partially supported by The National Health Care Institute of the Netherlands, within the cooperative framework that NIVEL and The National Health Care Institute had together.
Disclosure
LVD received funding from Bristol-Myers Squibb, Abbvie, Pfizer, and Astra Zeneca for projects not related to this project. She received funding from the European Commission as well as from The National Health Care Institute of the Netherlands for studies into the prudent use of antibiotics in the European Union and the Netherlands, respectively. TEMVE and KH received funding from The National Health Care Institute of the Netherlands for a study into the prudent use of antibiotics in the Netherlands. The authors report no other conflicts of interest in this work.
